of the genus Salinicola. A comparative phenotypic study of these strains following the proposed minimal standards for describing new taxa of the family Halomonadaceae has been carried out. The phenotypic data are consistent with the placement of these three species in a single genus and support their differentiation at the species level. On the basis of these data we have emended the description of the species Salinicola socius and we propose to transfer the species Halomonas salaria and Chromohalobacter salarius to the genus Salinicola, The family Halomonadaceae includes an heterogeneous group of aerobic, heterotrophic, Gram-negative rods with oxidative metabolism (Franzmann et al., 1988; Arahal & Ventosa, 2005) . The species of this family are phylogenetically members of the class Gammaproteobacteria and, at the time of writing, are included within nine genera: Halomonas (type genus of the family) (Vreeland et al., 1980) , Carnimonas (Garriga et al., 1998) , Chromohalobacter (Ventosa et al., 1989) , Cobetia (Arahal et al., 2002a) , Halotalea , Kushneria (Sánchez-Porro et al., 2009) , Modicisalibacter (Ben Ali Gam et al., 2007) , Salinicola (Anan'ina et al., 2007) and Zymobacter (Okamoto et al., 1993) . The genus Salinicola was proposed by Anan'ina et al., (2007) , but its name was validated on Validation List no. 124 (Anan'ina et al., 2008) , and it includes a single species, Salinicola socius, based on the features of a chemo-organotrophic, moderately halophilic bacterium isolated from a naphthalene-utilizing microbial community obtained from a salt mine in the Perm region of Russia. It is a Gram-negative, non-spore-forming rod, motile by a single polar flagellum, catalase-positive and oxidase-negative, with ubiquinone 9, and C 18 : 1 v7c, C 16 : 0 , C 16 : 1 v7c and C 19 : 0 cyclo v8c as major fatty acids (Anan'ina et al., 2007) . The close phylogenetic relationship of this species with two almost simultaneously described species, Halomonas salaria and Chromohalobacter salarius (Aguilera et al., 2007) , suggested that they could constitute a single taxon. The purpose of this investigation was to use a polyphasic approach to study these three species in detail, using the 16S rRNA and 23S rRNA gene sequences for a comparative analysis, as well as a phenotypic, chemotaxonomic and genotypic characterization of the type strains of these species using the same media and culture conditions.
For this study we used the following type strains obtained from the culture collections: S. socius DSM 19940 T ,
H. salaria DSM 18044 T and C. salarius CECT 5903 T . They were grown following the culture media and conditions recommended by the culture collections.
The 16S rRNA gene sequences of the type strains of S. socius, H. salaria and C. salarius retrieved from the GenBank and EMBL databases were analysed by BLAST and EzTaxon (Chun et al., 2007) . Subsequent sequence analysis was conducted using the ARB program package (Ludwig et al., 2004) . Following the recommendations of Ludwig et al. (1998) , alternative treeing methods (neighbourjoining, maximum-parsimony and maximum-likelihood) were carried out. A comparison using 16S rRNA gene sequences from the databases revealed that the 16S rRNA gene sequence of the type strain of S. socius displayed high Fig. 1 . Neighbour-joining phylogenetic tree, based on 16S rRNA gene sequence comparison, showing the relationship between Salinicola socius, Salinicola salarius comb. nov. and Salinicola halophilus nom. nov., and other members of the family Halomonadaceae. Accession numbers of the sequences used in this study are shown in parentheses after the strain designation. Pseudomonas aeruginosa DSM 50071 T was used as an outgroup. Bootstrap values .50 % are shown. Bar, 0.02 substitutions per nucleotide position. levels of similarity to those of H. salaria and C. salarius (98.7 and 97.7 %, respectively). The percentage of 16S rRNA sequence similarity between H. salaria and C. salarius is 98.4 %. However, the 16S rRNA sequence similarity between C. salarius and the other species of the genus Chromohalobacter is 96.5 % or lower, with C. marismortui (96.5 %), C. canadensis (96.1 %), C. israelensis (96.1 %) and C. japonicus (96 %) as the most closely related species. The phylogenetic tree reconstructed using the neighbour-joining algorithm showed that the species S. socius, H. salaria and C. salarius clustered together and constituted a separate group from the other closely related species (Fig. 1) . The maximum-parsimony and maximum-likelihood algorithms gave similar results (Supplementary Figures S1 and S2 , available in IJSEM Online).
In order to confirm the phylogenetic position of these three species, we carried out a phylogenetic study based on the comparison of 23S rRNA gene sequences. The 23S rRNA gene was amplified using primers designed in this study and others described by Arahal et al. (2002b) . The almost complete 23S rRNA nucleotide sequence was determined by Stab Vida (Oeiras, Portugal) using an automated DNA sequencer model 3130XL (Applied Biosystems). The 23S rRNA sequences of S. socius DSM 19940 T (2917 bp), H. salaria DSM 18044 T (2767 bp) and C. salarius CECT 5903 T (2911 bp) were compared with 23S rRNA reference gene sequences retrieved from the GenBank and EMBL databases by BLAST search. After that, sequence analysis was performed using the ARB program package (Ludwig et al., 2004) . Alternative treeing methods (neighbour-joining, maximum-parsimony and maximum-likelihood) were used for these analyses. Similar to the 16S rRNA gene sequence analysis, the 23S rRNA gene sequences of the three strains showed high percentages of similarity. The percentage similarity of S. socius with H. salaria and C. salarius was 99.2 and 97.8 %, respectively, while the similarity between H. salaria and C. salarius was 97.6 %. However, the percentages of similarity with respect to the other closely related species were low. For H. salaria, the closest relatives were C. israelensis (96.1 %) and H. pacifica (96.0 %), while for C. salarius the closest relatives were C. israelensis (96.0 %) and C. salexigens (95.8 %). Fig. 2 shows the phylogenetic tree obtained by using the neighbourjoining algorithm. The phylogenetic trees obtained by the maximum-parsimony and maximum-likelihood methods showed similar topologies (Supplementary Figures S3 and S4) . The results of the 23S rRNA gene sequence comparison confirm those obtained by comparing the 16S rRNA gene sequences and clearly support that these three species constitute a stable cluster separate from the other closely related species that could represent a single genus.
In order to compare S. socius DSM 19940
T , H. salaria DSM 18044
T and C. salarius CECT 5903 T under the same laboratory conditions, a complete phenotypic characterization of these three species was carried out following the recommendations of the proposed minimal standards for describing new taxa of the family Halomonadaceae (Arahal et al., 2007) . Macroscopic properties were determined using the classical characterization of colony appearance. All biochemical tests were carried out at 10 % total salts and 37 u C, unless stated otherwise. Catalase activity was determined by adding a 1 % (w/v) H 2 O 2 solution to colonies on SW10 agar medium (Sánchez-Porro et al., 2009) . Oxidase test was performed using the Dry Slide Assay (Difco). Hydrolysis of casein, DNA, aesculin and tyrosine, reduction of selenite, Voges-Proskauer and methyl-red tests, oxidation-fermentation test, gluconate oxidation, and production of indole, b-galactosidase, lysine-and ornithine-decarboxylases, phenylalanine deaminase and phosphatase were determined as described by Cowan & Steel (1965) with the addition of 10 % total salts to the media (Ventosa et al., 1982; Quesada et al., 1984) . Production of exopolysaccharide and respiration on fumarate, nitrate and nitrite was determined as described by Mata et al. (2002) . Production of poly-b-hydroxyalkanoate was determined according to Baker (1967) . Acid production from carbohydrates was determined using phenol-red base supplemented with 1 % of the carbohydrate and SW10 medium (Ventosa et al., 1982) . Optimal conditions for growth were determined by growing the strains in SW medium at 0, 0.5, 3.0, 5, 7.0, 10, 12.5, 15, 17.5, 20, 25 and 30 % (w/v) NaCl, and at temperatures of 4, 15, 20, 25, 30, 37, 40 and 45 u C. The pH range for the isolate was tested in SW10 medium adjusted to the following pH: 4.0, 5.0, 6.0, 7.0, 8.0, 8.5, 9.0 and 10.0 with the addition of the appropriate buffering capacity to each medium (Sánchez-Porro et al., 2009) . For determining the range of substrates used as carbon and energy sources or as carbon, nitrogen and energy sources, the classical medium of Koser (1923) as modified by Ventosa et al. (1982) When the substrate was an amino acid, it was tested as a carbon, nitrogen and energy source, and the basal medium was therefore prepared without KNO 3 and (NH 4 ) 2 HPO 4 . Susceptibility to antimicrobial compounds was determined according to the conventional Kirby-Bauer method (Bauer et al., 1966) . The results obtained are shown in Table 1 . We observed some minor differences with respect to those reported in the original descriptions that could be due to the different methods used. All phenotypic results obtained for the type strains of H. salaria and C. salarius are compatible with those that define the genus Salinicola (Anan 'ina et al., 2007) , with the exception of the oxidase test, which was positive for H. salaria DSM 18044 T .
The analysis of polar lipids and quinones was carried out by the Identification Service and Dr Brian Tindall, DSMZ, Braunschweig, Germany. The polar lipids determined for S. socius DSM 19940
T , H. salaria DSM 18044 T and C. salarius CECT 5903
T comprise phospholipids, aminolipids and phosphoglycolipids. The pattern was essentially the same for the type strains of the three species studied. C. salarius CECT 5903 T contained ubiquinone 9 (Q9) as the major quinone (69 %) and lower amounts of ubiquinone 10 (Q10) (23 %) and ubiquinone 8 (Q8) (9 %). H. salaria DSM 18044 T and S. socius DSM 19940 T also contained Q9 as the major respiratory quinone (Anan'ina et al., 2007; Kim et al., 2007) . This ubiquinone is typically found in members of the family Halomonadaceae (Arahal & Ventosa, 2005; Vreeland, 2005; Arahal et al., 2007) , although the presence of minor amounts of Q8 and Q10 has been reported for species of the genus Kushneria Fatty acids were analysed by GC (Kämpfer & Kroppenstedt, 1996; Miller, 1982) at the Belgian Co-ordinated Collections of Micro-organisms, Laboratory of Microbiology of Gent (BCCM/LMG), Gent, Belgium. Cells were cultured on TSA medium (BBL) supplemented with 10 % NaCl at pH 7.0, 28 u C for 48 h. The predominant fatty acids of strains S. socius DSM 19940 T , H. salaria DSM 18044 T and C. salarius Unless otherwise indicated, data are from this study. +, Positive; 2, negative. The three species were positive for the production of catalase and phosphatase, D-glucose fermentation, hydrolysis of Tween 20 and the methyl red test* and were negative for the production of exopolysaccharide, respiration on fumarate, nitrate and nitrite, production of b-galactosidase, lysine-and ornithine-decarboxylases and phenylalanine deaminase*, Voges-Proskauer test, indole production, hydrolysis of tyrosine, gluconate oxidation and reduction of selenite. The three species were able to produce acid from cellobiose*, D- 
Taxonomic study of the genus Salinicola CECT 5903 T were C 18 : 1 v7c, C 16 : 0 and C 19 : 0 cyclo v8c (Table 2) . These data are similar to those reported previously for S. socius (Anan'ina et al., 2007) , H. salaria and C. salarius (Aguilera et al., 2007) . Besides, they are in agreement with the major fatty acids reported in the description of the genus Salinicola (Anan 'ina et al., 2007) .
In order to determine if the three strains constituted separate species, we performed DNA-DNA hybridization studies by the competition procedure of the membrane method (Johnson, 1994) , described in detail by Arahal et al. (2001a, b) . The hybridization temperatures for these experiments were 57.5 and 55.3 u C, which are within the limit of validity for the filter method (De Ley & Tijtgat, 1970) , and the percentage of hybridization was calculated according to Johnson (1994) . Experiments were carried out in triplicate. The percentages of DNA-DNA hybridization between S. socius DSM 19940
T and H. salaria DSM 18044 T and C. salarius CECT 5903 T were 41 and 22 %, respectively. The values of DNA-DNA hybridization determined for H. salaria DSM 18044
T with respect to S. socius DSM 19940 T and C. salarius CECT 5903 T were 35 and 21 %, respectively. These percentages of DNA-DNA hybridization are clearly lower than 70 %, low enough to confirm that the three type strains represent different genotypic species (Stackebrandt & Goebel, 1994; Stackebrandt et al., 2002) .
Overall, our data clearly suggest that the three strains S. socius DSM 19940 T , H. salaria DSM 18044 T and C. salarius CECT 5903
T constitute a coherent cluster that is separated from the other species belonging to the related genera of the family Halomonadaceae. The phenotypic data and DNA-DNA hybridization results clearly support this conclusion and show that they belong to a single genus as three separate species. Thus, we propose to transfer the species Halomonas 
63.0 § 58.8-61.0|| 63.6 *Different result obtained with respect to that reported by Aguilera et al. (2007) . DDifferent result obtained with respect to that reported by Anan'ina et al. (2007) . dDifferent result obtained with respect to that reported by Kim et al. (2007) . §Data from Anan'ina et al. salaria and Chromohalobacter salarius to the genus Salinicola. However, since both species names have the same epithet and the species Halomonas salaria has priority since it was published before Chromohalobacter salarius, a new name should be designated for this new combination. The proposal is the transfer of Halomonas salaria to the genus Salinicola, as Salinicola salarius comb. nov., and of Chromohalobacter salarius to the genus Salinicola as Salinicola halophilus nom. nov. In addition, since we have completed the description of the species Salinicola socius following the proposed minimal standards, we include these new phenotypic data in an emended description of this species. The features that permit the differentiation of these three species are shown in Table 1 .
Description of Salinicola salarius comb. nov.
Salinicola salarius (sa.la9ri.us L. masc. adj. salarius of or belonging to salt).
Basonym: Halomonas salaria Kim et al. 2007 .
The description is the same as that for Halomonas salaria Salinicola socius (so9ci.us, L. masc. adj. socius associated, referring to membership in a microbial association).
The characteristics of this species are as described by Anan'ina et al. (2007) , with the addition of the following features. Grows in the range 15 to 40 u C. Exopolysaccharide is not produced. 
